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ABSTRACT

The composition of an aitillery system and its mission in & non-
nuclear enviromsent is discusesd, Four scenarlos are defined in which
the artillery system must perform its miserion, and the tasks are
detailed,

A concept for a measure of effectiveness (MOE) for artillery is
developed and a methodclogy ie presented. The effects of the scenarios
on the MOE are analyzed and the constraints are discussed., A mobility
concept is daveloped and s definition is presented,

Costing concepts and techniques are presentad - with notation
dovolgpcd for computer application to the artillery system costing
problem. Some cost estimating relationships (CER's) are suggested,

A cost-effectiveness analysis is made employing the developed
MOE and costing procedure. Some decision criteria are stated and

discussed.
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I INTRODUCTION
1.1 DEVELOPMENT OF ARTILLERY

The standard U,S, artillery weapons in September 1945 consisted
of seven towad howitzers, two towed guns, three self-propelled (SP)
howitzers, one self-propelled gun, one self-propelled mortar, one heavy
mortar, two rocket weapons, and three high speed tractors. Today the
UsSe Army has nine Standard A field artillery weapons, excluding
antiaircraft guns and artillery guided missile systems., If it were
technologically feasible, there are advantages to reducing the length
of the artillery weapons list eéven more, Fawer weapon ﬁypel reduce
the logiszic loads and training requirements, However, no two or
three artillery pieces have yet been designed to successfully fulfill
all the roles called for in an artillery system,

Specifically, artillery must be g flexible, mobile system capable
of varying increvents of firepover against all the varying targets the
supported infantry units are likely to encounter in an engagement,

On the offensive, artillery must provide preparatory flres to soften

an objective immediately prior to an assault, 7f on the defensive,
artillery must-provide final protective fire on all avenues of approach
into friendly positions, and fire into friendly positions in the event
of enemy penetration, Ouce the enemy attack has heen blunted,
artillery must be capable of pursuing the fleeing enemy by fire, and
capable of providing high angle indirect fire agsinst targets on

reverse-slope terrain, i.e,, hit targets on the far aide of the mountain,




1f enemy artillery fire {s brought to bear against friendly positions,
friendly artillery must provide immediate eomtor—bnttiry fires to
silence snemy guns, Lastly, artiilery must provide intardtetion and
harrassing fires to disrupt enemy communications, supply, movement ,
and to reduce enamy morale,

Current hesvy weapons designed for long range {nterdiction and
counter-battery fires cannot elevate sufficlently nor fire reapidly
snough for the short range, indirect, high volume of fire required
ageinst large concentretions of enemy troops in the immediaste vicinity
of the forvard edge of the battle sres (FEBA). Likewise, the 107mm
mortar is useless against targets requiring the range or the pshatrating

power of the eight-inch projectile,

Table 1,1 ARTILLERY WEAPON TYPES, 1943 AND TODAY

Total Number

—Llipas. . Ngber (57) 2 (SP) Mumbar Calibexs

.

US Armed Forces 1945 17 5 29 8
US Army (Standard A) 9 4 44 5
USMC 6 3 50 4

si- m estillery guided mispile systems, Table 1.1 reflects
the trend toward the streamlined, highly mobile, partially helicopter-
transportable infantry-supporting arms system, Airmobile artillery,
amphibious artillery, and artillery capable of significant increases
in rates of fire and ranges are current items of priority intarest and
development, (5, 13, 17, 23]. Although field artillery fire control
procedures remained unchanged for several decades, the introduction
of new and better fire comtrol squipment since WW -II has improved

coordination and effective delivery of artillery fire. Panoramic
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telescopes and other conventional aiming devices have been made more
accurate and easier to operate, Radar and other electronic mesns are
used whereby forward observers can more ~cccurately determine range
to the target, The space age 1s influencing artillery development
by introducing new techniques for gecgraphically locating weapons and
targets in the field, Many ather significant advances have baen
registered, oune of the more importaat being the developmant of mobile
electronic equipment to automatically compute flre orders, [14, 20]
The trends have been establighed, The artillery system of the

future will likely be built around a few highiy mobile, lighteweight

‘waapons capgble of a rate of fire several times that of today.

Automatic loading and computerized fire control systems will make it a
more formidable supporting arm indeed,
1.2 ROLE OF ARTILLERY IN THE SUPPORTING ARM3 SYSTEM

As the artillery system of the future is developed, it ahould be
designed to be fully integrated with the other major supporting arms,
naval gunfire and close air support, The complementary blending of
these three systems will, to some extent, mold some of the features of
each co-system. In a combat situation, comparative capabilities and
limitations ought to be kept in mind when selecting the ordnance
delivery means. This same princir.z applies to the development of any
one of the three systems as well. If a new artillery system is being
contemplated which can attack targets at ninety kilometers, naval
gunfire and close air support should be considered as alternatives
in any comparative analysia in order to arrive at a truly efficient

supporting arms system,
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[—EII“. Hewel
Artillery
Emiflce
Buppaie

Figure 1.1 THE SUPPORTING ARMS SYSTEM

Since the art{llery system 1s a component of the supporting arms
l;a:nm. care should be sxercised that the capabilities of any other
component sre not unnecessarily duplicated,

1.3 THE ARTILLERY SYSTEM

What comprises an artillery sabsystem, which shall be referred to
as simply an artillery system? Figurs 1,2 gives some indication,
Not all of the component:s’, shown exist wholly for artillery, but a
significant fractional value of the expended effort goas in support
of artillery, For example, base facilities may house infantry, tank,
and other units, but some proportion of sxpanditures of dollars for base
mintcnmcc and upkeep are directly or indirectly attributable to the

presence of some or all of the artillery system components,

Comm
System
Helo Security
Units F:
Operating &
Haas Support Personnel
Faciliitive .______---
Chewrvation & Artillsry Batteries Ship=-shore
FL Eral | (vpns. Veh,, Equip.)| Amphib, Vehicles
Shilgping s I \\ Balistic
USMC Resaarch Lab
Maintenance Landing
Lugintize Dezotn Force Fort 5111
Developmen: B
Center

Figure 1.2 COMPONENTS OF AN ARTILLERY SYSTEM
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At least two questions presert themselves, What proportion of the
supporting component affort actuslly goes in support of the srtillery
system, aad how are the component subcomponents defined? If the

second question is pursusd to tha end, Ehe ultimate subcomponent of

7 Sub- Sub- Sub-
Component Component Co. onent
L mp

[ AV AY Sy SNy SRS A A Any B oy By
NATIONAL RESOUTCES

Figure 1,3 SYSTEMS AND SUPPORT COMPONENTS

all systems, as the figure above indicates, 1s the pool of national
resources, For simplificatfon, only components directly supporting the
artillery unite are ususlly considered, Costing of the support components
and of the artillery units should be done 28 accurately as time, datail,
and good judgment permit,

The answar to the first quastion may be nvailn&lo from historical
sources, provided futvre requirements de not diffcr too greatly from
past experience. Problems of unreliable estimation may be encountered
if extrapolations are carried beyond tne range of past da:a, Fot
example, the number of required helicopter sortles per artillery unlt
per unit of time in the future may be approximated by careful analysir

of the artillery ur_;it's operations from past equal units of tima,

13



However, 1if total numbers of artillery unite Are.- doubled, or the system
is preparing to operate in an environment is vhich 1t has Hover eparated
before, of {f an entirely new artillsry system with diffesent 16gietics
and mobility requirements is sbout to be phased in, past operational
requirements for helicopters in the old system may bear no or little
relation to the new futurs rnquii‘imntl.

A skeletal exanple of a basic artillery system is the fleld
artillery regiment of the Marine division, The artillery regiment is
the primary source of fire support for the division and is currently
composed of the basic elaments shown in Figure 1.3 with specific
support units omitted, such as external logistics support, helicopter
support, medical support, Marine Observation Squadron support, ete,

1.4 CONCEPT AND SCOPE

The purpose of this paper is to develop a technique whereby the
efficient, optimum selection of future alternative artillery systems
is possible, As mentioned, an alternative artillery system is the sum
total of all the specific numbers and types of equipment, wespons,
and personnel which is proposed for implementation as the operational
unit, A proposal utilizing only one type weapon would be an alternative,
A gystem {n which the 105um howitzers ware to be replaced by newer'
models of 105's {s a different alternative. Yet another alternative
would be a system which simply adde one more bettery of a current type
weapon to the system., Finally, the system in being is an alternative
agsinst which all proposed alternatives vlll be measured for effective-

ness and cost,
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ARTILLERY RECIMENT
MARINE DIVISION, ™MP
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Figure 1,4 MARINE ARTILLERY REGIMENT
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Once two or more alternatives are proposed, including the presant
system, an efficient and hdpefully cpttnu-l system can be chosen,
An efficient artillery system i{s one which inflicts no fewer than a
prescribed number of casualties against a given num’n_u of targets in
the various scenarios, and inflicts those casualties at the expenditure
of less national rescurces than any ocher feasibls alternative,
A feasible alternstive is one wvhich maets all the constraints,
Figure 1.4 shows some relationshipe of six alternstives. The curve
repressnts the frontier of maximum sttainable numbevs of casualties
psr engagement for a given budgat, Of the six alternatives shown,
alternatives three and four are infeasible since they do not mest the
constraints. Altarnatives six and two are feasible, aud one and five
are efficient at different budget levels, Systsz five is optimm for

the indicated minimum casualty level.

Number of ‘ |
Casualties | |
per

Engagement

LT _':'J — . Miptgum Casualty Lsvel

I
an
I

I
|

Bnaximum
Figure 1,5 CASUALTIES PER ENGAGEMENT V8 ALTERNATIVE SYSTEM COST

Cost

Ixot necessarily a unique optimum, Multi-optima may axist.
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To accomplish the goal of selecting an optimum, efficisnt slterns-
tive it is necesssry to restate the mission nd tasks of artuln";.

The mission and tasks must be performed in varying geographical and
climatological conditions which will be defined under the heading of
Scenarios, Scensrios will heve an isfluence nos only on the effective-
“fians ;nd costs of the artillery systea in inflicting cesualties, but
will also sffect operating .nd maintencnce costs and sttrition om the
system,

It would be well to reduce the mission and task requiremests to
a measursble expression which will truly compare alternative systems
and aid in selecting an optimum or efficient solution. This is the
purpose of the statement of the criteria for this paper: Of the
proposed alternatives which are able to inflict the minimum prescribed
number of casualties against a defined target, select that system
which has minimum non-engagement system cost and incurs minioum variable
cost per casualty per engafemwent,

Finally, the cost data and effectiveness data of the alternatives
must be compared and evalusted for s unique optimum solution if one
exists, Otherwise, trade-offs among equally efficient alternatives
will be ‘compared and s solution cbtained based on some additional
decision criteria,

In attacking the problem of finding & procedure for selecting the
efficient artillery system, tvo simplifying assumptions or reductions
of the problem have been msada, Only the artillery ay'u:-n is considered,

and the interplay of nsval gunfire and close air suppart with artillery

17
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have been excluded, Secondly, the scenarfos put aside artirlery's
nuclear capability and its implications of contral war and thus
consider only conventional ordnends,
1,5 SUMMARY OF CONCLUSIONS

The evolving artillery system of the futuze will be a sophieticated,
highly mobile, and computer-aseisted artay built around fewer weapon
types, The method of ninimising expected vartable cost per casualty
md"ﬁbn"-cnugcunt system cost, while maeting minimum mobility and
casualty constraints, will select the desired alteruative, Detailed
costing ceirices of present battery types will be requived tn devsaloping
cost estimating relationships as aids {n designing mnd estimating costs
of future weapons,
1.6 PLAN OF THE STUDY

The problem addressed by this paper ‘m Define a measure of
ethct!vquu and construct a cost-effactivensss model for evaluating
and uloct\l{3 from among future artillery alternatives,

The plan} of this study {s firet to describe ths job that fs
required to i;c done, or mwir ton of artillery, and the environments
in which this job may réssonsbly bs expected to be sccompiished. Prom
there this paper will discuss effectiveness for m artillery system and
hov to measure {t, including the sffects of the ocanarios on the
artillery system, snd will present a measurs of sffectivenass to
secure 43 cfuetc::t system, Next will be dizcusced the costing problenm,
ccoting matrices tbr present artillery battery tﬂ‘o, and the develop-
mant of cost estimating relationships, Finally, cost and sffectivansss
will be compared for tha selaction of the optimum n.ltomnnvu. Includad

will be a discussion of alternative decision criteria to be utilized in

the event of multi~optima alternatives to the artillery problem,

18
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Il MISSION AND SCEN...IO0S
2,1 DISCUSSION

Migsion. The primary artillery system mission {s to "provide
close and concinuous support to grownd forces by reutrslizing or
destroying those targets which constitute the most serious threat to
the supported unit". [3] Such support includes counterbattery fire,
attack of enemy reserves, restricting enemy movemant, disrupting
snemy command systems and the destruction of other enemy installations,
To compare alternative systams for this mission {t {s necessary to
further spacify the particular surroundings or environment in which
the system may likely operate., The spercified ares may impose additional
squipment or support rsquirements on the system, and consideration of
it lends to a more realistic evalustion of the system,

Scenariocgs 7is environment in which the system must operate and
in which it 13 desirable to evaluate the system is called the scenario.
Consideration of the system operating in various scenarios is an
attempt to compensate for the uncertainty of the exsct location in which
future aztillery system opsrations are likely to occur., Figure 2,1 is
a representation of the specified mission and the set of environments
or scenarios in which the mission may be performed. Two primsry
reasons come to mind for exsmining the system in the light of a
particular scenario. One is to determine the physical e fects of the
environment on the operation and maintenance of ths system, The second
is to determine the effacts of the «avironment oun hitting targets and

causing casuslties.
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MISSION

fcenario |

Figure 2,1

Some of the scensrio charascteristics which cause physicel effects
on the system are tempersture, humidity, dust, and sand, They affect
the 1ife expectancy, attrition, operating costs, and maintensnce cycles
of the system, Producing casualties on the target will be affected
by the ability of the target and the artillery system to Mc in the
scenario, the ability to accurately locate cn the ground both the
artillery weapons and the targat, and the ability to se~ the target
to adjust fire on it. The presence srd amount of land and/or vege-
tation mask must be considered since it will limit, somewhat, the
types of artillery weapons which will have the ability to fire on the
target,

Four tc-nlrlo; are used in this oaper, These are labelled the
ideal, the rain forest, the desert, and the mountain scenarios,

The nazc usual ‘development in & cocteeffectiveness study is to detail
the scenario, Here such detatl would prescribe exactly Zhe temperature,
huaidity, -511 types, vegetatfon types and covermges, seasonal
variations, vegetation heighte, elevation of terrain, slope of
terrain, etc. However, the task s sufficient for at leaest part of

another report, and only the general characteristics dre presented here.

20




R Sy 177 17 S

S e v

The geasral characteristics are enough for the moment to determine the
effects of these scenarios on the performancs of the artillery system,
Z8aks. Vithin sach scenario are a set of tasks which uust be
performed by the system to accomplish ite mission, ' Task 18 here

defined as the type of target oa which the system must inflict
casuslties, A casualty is any enamy target rendered incapable of
performing its combat function, Figure 2,2 represents the tasks

within each scenario,

SCENARIO

Taak C

Figure 2,2

Tasks are generally distinguished by personnel or non-~psrsonnel
targets and by hardness of target, Hardness corresponds to the
affective casualty producing radius of a particular bursting projéctile
sgeinst a particular target, Each projectile will have a larger
casualty producing radius sagefnst soft targets, and smaller radii

against harder targets, For example, consider Table 2,1,

21
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Table 2,1 MIPOTMETICAL PROJECTILE ZFFRECTIVIN:SS k.

VARIOUS TARGETS

Casmelty Predueirig Radiug of
Iyeea of Iaxgeis

Personnel )
Open, standing ' 25
Prone 18
Foxhole 10

Semi-hard
Materiel 10
Trucks 8
Buildings 8 ,

Hard '

Tauks, amored vehicles 2
P11l boxes, reinforced positions 2
Counterbattery 10

This hypothetical round could prod‘ucc casualties against troops in fox-
holes at 10 meters or less frem the burst point and could damsge
certain buildings 8 meters from the burst point, Particular targets
will often be mixed, troops will be defending from within fortified
pPositiuns or moving about in srmored carriers. Por this reason it is
corvenient to reducy all tanks, crev served weapons, and emplacements
tc their personnel equivalaents, For sxample, consider the above

kypothatical projuctile sgainst an enemy tank with a crew of four,

=
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The target would bs considersd as ons perscnnel targat of four psmveons,
and a casualty producing radius of tve maters would be used to compute
the expescte. number of rownds required tr iniidct a certain percantags
of parsonnsl casualtias.
2,2 SCENARIOS

Ralp Forest. There are three principal ratn forest areas in the
world: the African, the Av:rican, and the Indo-Malayan, These rain
forests comprise nearly oue fourth of tha continental land area.
The vegetation of thes~ areas ig dominated by tall growths .of hardwood
trees, which in turn influence communicstions, chservation, movenent ,
and the accurate mapping of the treas, These areas are characterised
by an annual average rainfall of over eighty inches, txse canopies
averaging over 150 feet high, mmd a variety of undergrowth ranging
from nonme in the virgin rain forest areas to veritsble tangles of
impassable vines and b;unh in areas that have been cut over and then
allowed to lie fallow, [11, 25}

Each task in such an area will involve locating and fixing the
target, adjusting fire and compansating for the camopy, and moving
to new firing positions,.

Desart. Desert areas of the world are duignctu_i primarily on the
basis of thei. average annual runfalll.l Typically, the twelve desert

regions of the world average lees than six inches of rainfall per year,

1Averuge rainfalls can be misleading, The hamlet of Dakhl: in
the Sahara once went slewn years without a trace of rainfall, and yet
Dakhla has an average rainfall of five inches per year, [12]

23
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with much of the Sshara sveraging lass than one inch of rain per year,

Along with sparse rainfall, the ond=geventh of the land surface
which is desert is characterized by high temperatures, The low
hunidity of the air lets the sun's zays pan;tntl the atmosphere and
heat the ground to an extent impossible in moister climes, Daytime
summer temperatures of 120° ¥ are commonplace with the grouna
temperatures often 30-50° above that, Night temperatures will
plummet 50° ur mors below the daytime high, again dus to the lsck
of humidity. Visihility is often limited by heat mirages and severe
dust and sand storms which reducs visibility for days., Movement is
usually unrestricted by obstacles and barriers except during the
sandstorms and the infrequant raein showers, [12, 26, 28]

Moyntains. Mountain areas are vaguely described in various
refarence texts when it comes to defining the difference betwesn a
mountain and & hill. Generally, mountain regions are given as those
where land masses rise more than three thousand feet above ses lavel,
Important to the artillery system in the discussion of this scenario
is not only the total height of the mountains above sea leval, but
also the slope cr rate of gain in elevation of the land mass,

The general areas of the mountuin regiona of the world comprise
some 251 of the continental land area, Mountain areas are usually
typified by channelized routes of c.cmuntcluonl,' largs variations
in slevation within short horizcatal distances, n‘nd meteorological
conditions which change rapidly and often uupudicnbl‘y. Average
slopes usually exceed 30%, but include all the extremes that go to
make up an average. Vegetatiun may vary from rain forest in the

lover slevations to only lichens and moss .uove the timber line which

24



occurs arcund 12,000 faet abova sea lavyl, The run=-off aftex a
plenciful rainfall 1s oftan heavy, and smsll streans may easily £lood
as a vssult,

At higher elevations, such as Tibat whers the aversgs slavation
of the entirs country is over 15,000 feet, atmospheric pressure is
veduced, ;o-pcrnturc- vary over a wider rangs and weathar i{s avan
more unpredictable than in mountains of lower absolute haights.
Unusually low temperaturss come on with nightfall, snd wintars are
characterized by extremely low temperatures with snowfall in varying
areas in amounts according to humidity, 11, 30, 31]

Ideal, Thevideal scenario considered here ii a non-existent
perfectly mapped, flat, table-~land which has invariable weather
conditions of standard temperature snd humidity every day, no wind,
unlimited visibility, and a few low hiils from behind which the
artillery pieces are unobservable by the enemy. There are no trees,
othey vegetation, or land masses to mask friendly artillery fire or
to afford cover and concealment to the enemy targets, The region is
trafficsble and commmications sre perfect,

Comb ons. Taking rainfall, terrain slope, and temperature as
a basis fo. a three~-dimensional scenario space, every possible target
location on any continent may be described in terms of the above
quantities. Many locations reduce to linear combinations of temperature,
rainfall, and slope, BRainfall and temperature combinations imply
the vegetation that accompany them, i,e.,, vegetaticn heights, types,
and amounts are direct functions of the temperatur: snd rainfall, As an
example, consider the mountainous rain forest of noi:hwcltnrn

South Vietnam, This might be represented as in Figure 2.4, This figure

25



1s-an obvious oversimplification of @ complax tarvain wnd ¢lfudefc
condition, and 1t % perhaps u gress- Essulsption to' doltsider tRae!-
temperature, rainfall, and slops are simple crthogonal veetors vhieh

may be added by vector addition, Yet, there ily e vdlwe in appraising
the effects of a combination of the quantities in this vway. All pessible
effects on the artillery system may be considered and sccount tehen of
the total computational errors which may be introduced into the system

as the result of operating in such a complex environment,

o
Annual Rainfall

Figurs 2,3 VECTOR REPRESENTATION OF SCENARIO PARAMETERS

.
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III A MEASURE OF REFFECTIVENESS
3.1 DISCUSSION

Developing s messure of sffectiveness (MOE) which, slong with
cost considarations, will accurately csder alternstives so that the
most desirable one may be selected is a dif{icult problem that has
no uwique solution in many csses, Thres indepandent studias of the
ssme problem could possibly produce three independent measures of
effectiveness, sach of which would be valid and each night even yank
all the alternatives in the iame order, though not neceasarily so,
Defining an MOE before fully understanding the miseion, the scanartos,
and the basic system alternatives may lead to & precise msasurement
of a wrong or poor performance parameter with a resultant ranking
of alternatives according to the wromg or poor criteria,

This chapter will attempt to carefully define s measure of
effectiveness (MOE) fox ranking proposed alternative artillery systems
by first discussing what effectiveness is for an artillery system,
Next, a mathemstical model will be presented in the form of an objective
function to be minimized, The parameters of the artillery system's
performance will be presented and then snalyzed under the effects of
the scenarios previously discussed. Finally, the constraints to the
objective function will be prasented, defined, and discussed,

What 1is effectiveness and how csn it bs messured? For s mechmical
engineer effectivaness might be the messure of the amount of work
obtained from an internal combustion engine. This effectiveness is a
function of the total snergy producing fusl that was burned sad the
efficiency of the motor, Effectiveness for a financial 1nvutor. night

be simply the cash flow from his {nvestments.
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In a similar manner, in the process of choosing an alternative
artillery system, the MOE will be a measure of soms output being
realized for the investment fn that particular alternative, It is at
this point that the investment picture becomes cleuded for artillery
systems. What {s the 'output'? It obviously {sn't dollars, umless
eneny targets destroyed is somehow converted to dollars, How much
output or return is enough or satisfsctory? How is the veturn best
weasured, or can it be measured at all? what is the exact amount of
investmant required in the urtillery system to get snough return?

If the expected types and expscted numbers of each target are held fixed
for asch engagoment in each sceneci., and for a given fixed fraction
of casualties per engagament for each ecenario, soms conditions may be
stated that will define a return on an artillery investments
Minimize: The vactor whose components are Variable costs
per engagement and Artillery non-engagement
system cost
Subject to: Future budget constraints are not exceeded
Casualties inflicted/engagement = that required
Number of targets/engagement = that specified
The simplifying assumptions of fixed types and numbers of targets per
engagement is really the product of two foregoing assumptions, First,
that all sxpected engagements in which artillery would logically be
employed will fall within minimum and maximum bounds for numbers and
types of targets, Obviously, the employment of artillsry againet one
lone enemy soldier might be questionable, In like menner, the enemy

is assumed to possess clasr judgment, smd would never mass or concentrate
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his forces beyomnd the.limits of tectical efficiency into a fumation
such as & phalanx of one hundred men wide by one hundred men desp.

The second asewmption is that each srtillexy altarnacive sxamingd

will satisfy ths constraints of the problew, i.e,;. that sach slternative
will parform equally well within the minizum and maximum bounds for

the numbers and types of targets par angagemsnt,

Examining the criécrla and the constraints stated sbove, it might
be well to discuss ths terms briefly at this point, and in more detail
later. Minimizing variable costs per engagement maans rcduc;nl all
costs resulting from one combat engagamsnt to the lowest fl‘nrc.polniblc.
Variable costs per engagement will include the costs of rnplqcinl'or
repairing combat attrited weapons, equipment, and men, and tho cost of
the projectiles expended against the enemy, One di-advlmt{'. 9! Ehil
measure is that it will vary as a function of the number of engagements
fought and the frequency at which the engagements occur. Ho!cvcr.
peacetime readiness costs will be minimized, and if the assumption {is
made that the number and frequency of engagements will affect all
alternatives approximately the same 43 far as variable costs par engage~
ment go, then this criteria Qill still be accurate and reliasble iun
selecting an optimum alternative, l

The artillery mon-engagement system cost is the second compenent
of the measure of effectiveness (MOE) and is simply the total cost of
the alternative over its life less all variable cd!ti %ncurrsd in combat,
Included in the system non-engsgement cpet are such {tems as RDT4E,
initial procurement, and readinsss operstions and maintensnce costs

for the life of the system.
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The constreints sat the bounds within which the sitermitives sust
lis, The non-sngagament system cost obviously must bé lwet thas or
equal to tha planned future budget, Coats do not wormally oceur. st
one instant {n time, but are spread over tha lifetime of the systam,
The system cost, then, will be & stream over tims, and the plannad
budget will likewise bs en sstimated budget stream over the corresponding
time interval, The next two conatraints ewbody the assumptions stated
At the first of this section, The number of targets per shgagement
will be as specified, and the alternative system must be capable of
inflicting at least the required numbers of casualties per sngagement,

A plot of non-engagement system ¢ost vs number of cesuilties
achieved in a specified engsgement for varicus proposed alternatives

might resemble the graph of Flgure 3,1 This {llustration

[ SCENARIO 8

Non=-Engagemant System Cost

Pigure 3,1 COST OF THREE ALTERNATIVES FOR GIVEN CANJALTY LEVELS

k ||



tepressuts system cost in a particular scesario S, and for this
instence system I will have the minimum non-sngagemsnt system cqe‘;._
1f the number of casualties por engagemevt is less thsn A', 1f the
required number of casualties per engagemsat is betveen A’ and B’,
then system II is the proper choice for this thres alternative example,
For sny casualty rate above B', say C', then system III n:!.ntnlzn the
non-engagement system cost required to achieve the desired number of
casualtiss per engagement. The assumption is that each alternative
can achisve an incremental increase in casualties for soms ingremental
incraase in system cost, excluding variable costs.

igure 3,1 is the plot of thres discrete artillery alternatives.
Theoretically, several other discrete alternatives may exist with
non-engagament system cost vs number of casualties per angagement ?lon
as shown in Figure 3,2, As sufficient altematives are considered and
plotted, a composite curve, say V, emeiges as a continucus boundary or
frontier of efficient slternative u;lutionl to the problem, For example,
1f A' casualties per engagsment are required, A" is the miaimum non-
engagement system cos: to uchieve A' casualties, and A" must be spent

on alternative 1V,

v
£ [
Number v
Casualties Per
Engagement

Non-Engagement System Cost
ngﬁ 3.2 EFFPFICIENCY FRONTIER FOR NON-ENGAGEMENT SYSTEM COST
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How do the two quantities, viriable cost per casuilty dnd dsas
engagemsnt system cost, vary for a given number of casualties taflicted
per engagement? An intuitfve argusent i: presented via Fgure 3,3,
Consider a third axis coming out of the paper representing ecasurlty
lavel per engagement, then the curve in Figure 3,3 represents a plateau
at sois casualty lavel in a particular scensrio, such as rain forest,
The systen vhich has minimum non-engsgement system cost Yy has some
variable cost C;. Parhaps another altemative which has heevier
weapons of greater caliber has acn~engagement system cost 'lz. but (ts
heavier projectiles are more efficient in the high canopied rain forzet
with a resulting variable cost (:2 less than €+ As the non-engagement
system cost incresses to the right, the cost of replacing attrited
equipment lost {n the sngagement will becoms the overriding fector end

turn the variable cost per casualty upward again,

VARIABLE
COST PER
CASUALTY

€y

I:I—_-

A

I
|
I
I
I
1

Y 1 T] NON=EN b
SYSTEM COST

Figure 3.3 VARIABLE COST PER CASUALTY VS NON-ENCAGEMENT
SYSTEM COST, CONSTAMY CASUALTY LEVEL
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Table 3,1
LIST OF SYMBOLS FOR CALCULATING
VARIABLE COSTS PER ENGAGEMENT

Definition
A vector (EI.EZ.U.-EP.. Ep+1"."zp4')£

of expected attrition of p types of ‘.quip-
ment and v types of wespons in scspario i

P

A replacemsnt cost vector

(11.12.""1?‘.'1‘"' .Ip..') for the ..
p types of equiprsnt amnd w typas of weapons

A vector of costs per round (Ctlo'“nct )
for v types of wespons v

A vector of expected numbers of rounds
expended per smgegemant (R),.seyRy), for

the w typss of weapons in scenario i

Total variable cost in scenaric 1

TV =R G th'L

Required number of casualties per angage-
ment for scenario {

Averasge total variable cost per casualty

. par engagemsnt in scenario 1,
Ci - 'l‘VC’_/ltt

A vector of the variable coats per casualty
for the scenarios, ¢ = (CI'CZ'CS'ca)

A vector of the nm-engsgement system
costs for the scenarios,

x Cgd (Yl .Yz.!s.Y‘)
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3.2 THE MEASUVE OF EFFECTIVENESH

Tb; s‘rturtu for the artillery system, st the measure of affactive-
ness (MOE), has bc'w briefly suntioned as the problem of sinultansously
nminimizing the variable cost per casuslty per engagement and the non-
engagement system cost, As stated, the problem is one of ninimizing
& two-component vector consisting of variable cost per casusalty and
uon-engegessnt system cost, and ecch of these two comprnents {s again
another vector consisting of four componants each. The components of
varieble cost and non-angagsment system cost correspond to the
calculations obteined in the feur scenarios using the notation as
given in Table 3,1, In notation, the criteria is

Minimise (g, Y)
vwhere C 1s the vector of variable costs per casualty and Y is the
vector of non-engagement system cost, More details of vector minimi~
zation will be discussed {n Chapter V, but for now the details of
determining the components of the £ and Y vectors vill be examinei,

If it happens that the system characteristics are deterwined and
the non-ongagemsnt system cost estimated befora any prototypes are
built, then the continuous function outlined in Figure 3,2 would
apply, If several discrete prototypes wers currently ian being, the
criteria might be modified somevhat to

Minimize (g, pj vy J=21l,2,,.o,n andn=2
]
which indicates that sach discrete alternative J will be mmalyzed and
costed for its valuas of £ mad X, § taking on the vulues ore to n and n

is greater than or equal to two, Ths optimum solution will be that
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alternstive which sizultaneously has wminimum & ad Y vectors over

211 altermatives, If this wmique seclutiom does not exist, 1.8y thers

is at least cne othar vecter which has aither g or 4 vector which 4,

lesc, then trade-offs and sscondsry criteris mst be considered.

This will be i scresed further in Chaptar v, .
The-Yaxiable Cort par Cosualcy Vegiar. Tuble 3.1 defimes seme

of the values racessary ia obtaiaing the valws of the varisble costs

Per casualty for the various scesarios, Basically, the vaziadle costs

Per casualty are made up of the casts of combat sttrition es the system

engagerent, The vector E(“‘ Table 3,1 has components: which age t.h-
ounbers of each type of equipmeni, wen, and vehicles enwmmratnd one
through p, and the numbers of waapone by typsa ons through w which are
expected to become casualties due to ensmy sction or as a :;uult of
combat against the ensty in an engagement in scenario i, Tha vactor I
has as components the replacement costs of each of the components of k.,
and the inner product of these vectors, E;' I, gives tha attrition
Costs per engagement for scenario i. One note of caution is that the
cost of replacement associated with personpel is only the training and
transporzation costs involved in repilacing personnel casualties and

is not a price tag on human 11fe. It may be assumad that all parsennel
losses vill be equal smong all alternatives for any given Mgagenent ,
and the nced to oomsider friendly personnel losses per engagmsent vill
be eliminated, If ir is deemad that personnal losces mamt be oensidared
for all alternativer, vegardless, then one solution might be to put
such a high price on each human life that no one could argue sbout it

and include this cost in the variable cost Per engagement, Thig ig
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usually impractical becauss of social, religlous, and emotional
reactions, A mors reslistic solution might be to chinge the criteria
to includs the expected number of frisndly parsonnsl casuslties,
Minimige ( C .1, Q)

where the vactor Q s a vector of expacted fric :ly caswalties, ome
component corresponding to esch scanario,

The sources for determining the expeeted valuss of the components
of 51 may be varied, Past combat exparience will give eome guide as
to parsonnel and vehicle lossas that may be eaxpected for a given .sized
engagement, However, new technology, engineering, tactics and
anvironment effects will influence the vulnerability and the consequent
combat attrition of »11 system componsnts, including personnel., Past
exparience must be tempered, then,with Judgment and a full apprectation
of current friendly and enemy capabilities, Foseibdly a bdetter estimate
could be obtained by programming enemy cspabilities into standard war-
game simulstions, and analysing their results against friendly forces
in the computer iterations, [16]

The replacement cost vector I nd the vector of costs per round
S, sre simply the costs of replacing the combat attrited or combat
expended components of the system, Howaver, 31, the vactor of expscted
number of rounds expended psr sngagsment is not so straightforvard,
Each component of R, 1s sn expacted number of rounds calculated
according to the formulas given in Appendix I, and the cowponents, when
summad, will be the-number of rounds required to inflict the desired

casualty level K, in vach rcenario t,
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Using a standerd derivation under the ssswwptions stated in
Appendix I [16, 18], the expected nymber qlf‘t‘qwdo‘_r‘.quixod to ;pflict
4 given level of casualties K per sngsgement is. & function of the
area of the target (A.), the mean ares of affactivsness (MAE) of sach
round, and the circular error prabability (CEP), Thasa paramaters,
Apy MAE, and CEP, and the factors which affect them are given in
Table 1,2 - o

Before discussing the pexturbatieons of thess paramsters by, the
various scenarivs, soms discussiga of the number of casusltias Ky for
aach scenario 1 is in order. The number of cssualties Ky is sixictly
determiniztic, and the asiumption is that any target which is wﬂ.q‘h}n
ths specifiad mean area of effectivaness (MAE) of a particular bursting
projectils will be made a casualty by that projectile. As praviously
mentioned, MAE will vary as & function of targst type, positiom,

hardness, etc, In order to simplify the target and round culculq:uonl.

Table 3,2
PARAMETERS AFFECTING THE EXPECTED NUMBER

OF ROUNDS REQUIRED TO ACHIEVE CASUALTY LEVEL K

i
Mean Arsa of Circular Exxor
Jaxget Agedn A ; : 4
Hard Projectile design Random system error
Medium Hard Calibar, weight Target loélﬁion arror and
Soft Velocity Weapon locuion'orror
Coverage effe:ts Angle of fall Target reporting
; method, techniques,
Height of burst time lags
Cov;rqi effects Coverage effects
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all targats may bBa given in terms of thuir psrsonnel equivélisite, For
example, dn endiry ténk with a“crov of febi would be thoight efiad’a
personnel target with an dresr’iqual to that of the tank; and the:MAX
used would ba that of the particulér round against tanks, This wili
reduce - casuslties per engagement K, to a single valus imstead of
requiring a vector of valuas 1isting ell the various target types,
Since the casuslties per engagement K, is determinictic, and the variasble
quantity is the number of rounds requirad to inflict K, casualties,
"1t might be desirable to add a probability statement which requires
that the probability of athfeving K, is greater than some arbitrary
valus, say 0,9, This probabtlity stetemsnt can be transferred to the
expected numbe¥ of rounds per ngagewemt vactor, R, by requiring the
expected number of rounds per engagément, which is an averdge valus of
sexpactations obtained over soms number of computer iterations, to be
greater than ninety percent of the individual expsctaticns found on
each computer simulation, In notation this may .e expressed
P(Kj* = Ky) = P(m rounds inflict K; or more casualties per engagement)
- 0,9
where K{* is & randon variable and i»s the actual number of casualties
per engagement. The variaebla Ly ts & computer-derived expacted number
of rounds required to znmg: K{ casualties per engagement.

The variable cost per cnuclt);, from Table 3,1, is seen to be the
product of expscted attrition times sttrition costs plus sxpected
round expenditures times cost of rounds all dt’vtdcd by the number of
casuslties per engagement ‘1' The next quuion that might be asked

is) how is the variable cost pst casualty affected by the scanario,

~a

5
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Wespans wui have .a certain. M&wof-.éoudltANQ wder whigh.thyy will

-+ fonction snd pexform optimelly, and these cenditions will be.considexed
Prevalent: in the non-extstent Idesl Scenswio.: The 'MAE. of esch round
will-realtze its physicel linits in the._ideal sesnario, the :mncercainty
of the locations of the artillery.weapon and the tavget wiil be -
minimized and wvill reduce the. CEP to a functiom of the rasdom error
of the weapon system only. The expected number of xovnds requiveid
to inflict Ky casualtics per engagemnt in the ideal scenario will be
optimistic with respect to the other scenarios or what may ogcur in,
actual engagement. . Attrition due to cosbat can bs expected to be
minimized in t‘l;e ideal. scenarip, and a lower bound for varisble eosts
PeY casualty will be realized with Fespect to tha other scenarios and
actual engagements,

In rain forsst areas, wmapping is usually poor. and distinguishing
lmduarks ara usually more obscyred by the high tree camopy, [3] 4s a
result, increased uncertainty of the location of the artillery weaper
and the enemy target resgults in greater CEP's, Target area is usually
Teduced in denss vegetation for command and control purposes, and will
result in a smaller probability of hitting the target by a single
round, as seen in Appendix I, The observer has a decreased abilicy
to locabe and adjust bursting roimds onto the target dua to the muffling
effect of tha tres. canopy., Shielding and deflection of the projectiles
by the high canopy will tend to reduce the MAE, The total effects of

- incraased CEP, reduced MAE, and raduced Ay will be to increags the

expected number of raquired rounds to achieve Ki‘
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The effacts of high temperatured and hamtdiey assoetated with .ohe
rain forest will tend to {sereass the numbers of men réquivud to:pexfémm
a given work load'above the numbe. required under ideal tempezature::;
and humidity conditions, Preventive maintenance loads mayincreasé: : -
die to an environment whiich is conducive to.rust and corvosion, As .
result, attrition of weapons and equipient will be expectad to incraase
above that expacted in an tdeal envi.onment, The total results of
increassd sxpected rounds required to fafliet Ki and increased attrition
wiil be an insreased exapected variable cost per casualty for an angige-
ment in a raln forest vver that expected i’n an ideal scensrio, ¢

Desart affects will bu a harkedly increased attrition of wespons,
vehicles, and equipment due to heat, sand, and grit [19), and'@m incteased
attrition of personnel under combat conditions due to the affetts 'bf -
heat and low humidity. [3, 12, 26] A desert engagsment is character-
ized by ncbility and an increasec deman’ tor movement agsinst Flesting
targets, resulting in grester-than=ideal acenario we:ir and tear on
vehicles and &juipsant, contributing further to attrition of equipmant,
Fleeting targets, effects of heat mirages, dust and sand storms will
all reduce the accuracy of locating targets and the effectivenass of
adjusting fire onte the targets,

In the mountain scenario the added uncertainty of elevatfon is
added to that of target location sand wespon location, resulting in an
increased CEP cver that obtained If locations and slevations are

exactly known, By geometryl it is seen that the ‘effective CEP against

t

11t will be more if the projectiles fall at an angle less than
90° onto a reverse zlops of 30°, Firing at a fixed point P, hulf of the
rounds would be expected to fall within a horizontal circle of cadius r.
On & 30° slope, the same cone of fire projects to an ellip;e w'th a
ninox radius of r and a major radius of r/cos 30°, The new area,
instead of being pi times rZ, is now pi times r? divided by cos 30°
for an increase of 16% over the horizontal CEP,
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targets appearing on xeverss llopcl qcrjgai;x'f nay 1ne1{?‘u by as much

#s 16X on & 30° slope dus to the nylopo‘ alone, Hmvcr, :'CEP'Vl will be
reduced on forward slopes by the same m.lyl‘i.o. Unggruin md variable
msteorological conditions and the added burden 9f u@ns;tn}u; obser~
vation of reverse slopes by air or other means Lgcruuq Cil"l and
attrition costs ra,poctivcly. ‘

Mountain masses tend to mask or shield the fire of some weapons
and will place an 1ncr¢nud' requiremsnt on high angle f‘_ir_qv weapons,
High sangle fire is characterized by greater CEP's and &;llo,r‘ caliber
weapons with smaller MAE's, Mountain masses will al?o channalize
communications and logistics routes increasing ths vulncnbiu‘ty‘ to
anbushes and enfilade fire and the expacted attrition to an engagemsnt,
The overall effect will be an cxpocgod variable cost per cuu;lty
greater than that expected in the ideal scenario. '

The Nen-Enzasenent. Svasen Cost Vagior. Returning sow to the basic
model presented at the beginning of this section, congider tho. ‘ncond
component of the msasure 3t effectivenass vector (& 1), The non-
engagepant aystem cost component Y is itself a V'I,ccto'r conpoud'of four
components Y, which correspond to the non-engagement system life
costs in each scenario i, The adjective 'non-engagement' is added to
indicate that the sy;tcm cost considered here does not include the
variable costs that arise solely in the combat engagement, Suc.h items’
as training smmunition end normal stocks of spare parts are included
in the non~engagement system cost, but combat attrition and expenditures
of asmunition against an ensmy are not, lfor any sltarnative being

roasidexed, its minimun non-~engagement system cost will be realized in
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the 1deal scensrio bscauss weather aid ‘terratn comdittons -wikbbe tdeal,
resupply and movement will be inrestricted, and maintenance and oper-
ating conditions will be optimum, V ' ’ B

Some of the effects of the rif{n foreit on the non-éngagemsat
system cost are those dus tb heat and humidity, Weapon and equipment
life cycles are shortened as a result of mildew, rust, and corrosion
rasulting in higher total replacement coats over a given pariod of
time, Personnel do not perforin as well in excessive heat and humidity,
and this requires greater numbers of personnel plus greater numbers
of replacements to ncﬁdniplhh‘tho workload,

Due to the high canopy and excessive vagetation, fewsr firing
positions will be available, Mobility of the basic weapon will be
reduced and there will be a requirement for special vehicles as a
result of lack of roads and trails and the existence of excessive
vegetation [3]. Requiremants may be generated for more or perhaps
new observation components for detecting enemy targets beneath the
canopy., The canopy will inhibit or mask the firing of the weapons
on targets at certain ranges and will place sn increased operational
requirement on the mortars and howit:nrl. The overall firing rate
and firing capability will be fmpaired as & result, In the event
the enemy artillery has well-prepared positions, increased vulnerability
to enemy counter battery fires may result,

Low humidtiy and high temperatures such as are found in the desert
scenario reduce the life cycles and the work cycles of squipment and
men, Preventive maintenance intervals will bs shorter due to sand and
dust and chemical breakdown of lubricants dd; to excessive heat, Greater

numbers of personnel will be required to perform the increased maintenance
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vork load and to compensate for the é}fﬁlif.tipg cffoctq‘of:dasqu
heat, (2, 19, 28] Logistic support rcquifplnntl will be inctel;;d
dus to maintenance and personnel tuqui:nmnnt. and du. to’th. nature

of desert warfare, i,e,, varfare that is charaq;ntiscd by loblllty

and slashing mansuvers of mobile traopa. [3] The total effacts of
the descrt scenaric will be to incrsase the non-engsgemsnt system cost
over that expected in an ideal scenario,

In the moumtain scenario, mountain masses will tend to channelize
commupications, inhibit mobility and freedom of movemant, and place a
requirement on the system for a greater number of high angle of firze
veapons to meat the firepower ruquiroq-ntl. Higher altitudes an#Tlou
temperatures will tend to reduce the tempo of operstions dus to human
tendency to fatigue more rapidly in these conditlpnl. Abova certain
altitudes helicopters may becoms ineffective for tactical and logis-
tical support. These factors combine to result in a reinforced
artillery system vhen compared to that required in tha ideal scensrio,

To sumariza, the non~engagemsnt system cost will incresse as
humidity and average rainfall decrease to desert conditions from a
standard day or ideal conditions. Non-engagement system cost will
slso increase as humidity sand rainfall incresse to rain forest conditions
from the standard day or idesal conditioms. Desert conditions will
require increasad opsrations and maintensnce costs, increased persounsl
costs, and increased logistics costs, Rain forests may require more
firing units since mobility is hampered, or may require more helicopter
units to attain an acceptable capsbility to displace rapidly. Mowntains
require a preponderancs of high angle of fire weapons, an increased

observation system to obsarve reverse slope terrain, and incressed
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firepover means to Woréb& ‘the vulnerability (wposed by channeltned

communications, Also, higher altitudes will cause a lose Of effictency

oot

of personnel and support helicopters.
3,3 THE CONSTRAINTS =~ ' Coee T

The basic constréints te the solution of the model proposed in
this section are given in section 3,1, The first is that the none
engagement system cost be equal or less than the budget. As developed
more fully in Chapter 1V, all the costs dc not normally oécur at one
single point in time, 80 that the system costs are ineramental over
some period of time, These pariodical costs should be equal to-or less
than the planned budget bafore their associatad alternative is sven
considered as a possible solution. The sacond constreint Yegquires
that the casualties inflicted per ebgigement is graater then or squal
to the number specifiad, 1If the alternative system ceannot infliet
the degree of destruction required, there {s no need in examining that
particular alternative, The third constraint was that the rusber of
targets per engagement must be spacified, llthoqgh this may be thought
of more as an assumption than as & constraint since it does define the
engagement,

Four other constraints are implicit in those stated in seétion 3,1
and should be mentioned, The first {mplied constraint concérns the
maximum range of the system. The wminimum scceptable maximum range
must oe stated to provide for the counter battery task in eaeh seenario,
The second implied constraint is that of continuous coverage, L.e., the
proposed alternative mix of mortars, howitgers, and guns must provide
artillery coverage from the forward edge of the battle area (FEBA)

continuously to the minimum acceptable maximum rshge statad above,
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If holss exist in the artillery coverags, the enomy oeed only slip
his own artillexry into such a 'bele' and decimate friendly artillery
at wvill. The two remaising comstraints which will be discussed a
little more at length are ths fmplied mobility cemstraimts snd the
implied technological constraints,

A wespon vhich could devastate sany known target with one single
thot out to & range cf ten miles at a cost of only five dollars per
round would heve (imited use, in wost instances, 1f it could npt be
transported on a shiv, lifted by an afircraft, or pulled by a truck,
If this mythical weapon could be instastaneously manufactured at sny
chosen spot, all the transportation restrictions might be circumwented,
Howaver, in the usual instance, mobi lity, the characteristic of dis-
Placing from one position to another to engage in combat, adds to the
effuctiveness of tha system, A veapon or vehicle that 1s described as
being highly mobile 1s usually capable of moving across various types
of soils inclined at various slopes at speeds described ac fast or
good, How mobile is 'highly mobila' and how fast is 'good'?

One method of quantifying the mobility characteristics of a
system, 1s to define the constraint vector I which is a vector of the
mil;dm times in each of the scenarios fox any battery of z systenm to
displace a given spacified distance in qch scenario and to coumsnce
firing on the new target from the new firing position. The standard
distance in each scenario might be some fraction of ths maximum range
of the weapon mix, and would contain typical terrain, vegetation, and
obstacles representative of the sceaarioc. Each aomponent '1'l of the
vector I would correspoud to & scenario {, and would be measured from

the time the first artillery tube of the particular battery ceasess
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firing and begine the df{splacement wntil tha time the last weapen of
the battery vhich {s displaciag begins firing en the mew turget from
the nev position. This vector of digplacemeant times I would be required
to be less than some maximum allowable times,
I* Ltoum

vheare Xaax 18 arbitrarily assigned or may be a vactor of the average
times of the current cparstional system in displacing over the prescribed
distences and obstacles 1n. each scenario,

The timas to displace will b some function of the weapoa veight,
the scenario, and the technology of the mobility mode selected, 1,4.,
vhether the weapon is towed, sslf-propelled (SP), an amphibian, or
helicopter trasnsported., The determination of the optimum mode or mix
of modes for artillery mobility s g topic for another research paper.

Technological comstraints exist vhich relate weapon systen character-
istics to the measure of effectivensss (MOE) of the alternative, - Stating
that relationship may be somathing of -a problem, but there is a recog~
nized limit to the current state~of-the~art, Current technology can
only do so much, projectiles can be made to have only some maximum MAE
and {nflict only sc many casualties in a given area, hailicopters can
fly only so fast in dieplacing artfllery units, etc. The comporants
of the varisble cost per casua.ty vector £ are functions of aterition,
replacemant costs, expected expenditures, and costs par round of
amunition, or

C = Fy(attrition, replacement cost, number of rounds fired,

cost per round of smmunitton, caliber of Tound)

and egch of the componants are functions of other variables, Attrition

will be & function of temperature, hwnidity, terrain slope, number of
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moving parts ian the piece of squippent, nusbar of smemy targets WW-
numbar of rounds ﬁud,u and otbu_a,' Eqmug.ymt tcpl»acugn?tﬁc‘vu\tys uxd
assunition costs will be functions of equipment or weapon weight and
size, calibre, numbar of moving parts, maximum range of t:h- weapon or
round, etc, The number of rounds fired to defeat the target will be

& function of MAE and CEP which in turn are functions of the waight of
the round, muzzle valocity, rate of fire, range to target, -—ancpy height,
caliber, angle of fall, height of burst, location srvor, aad others as
indicated in Table 3.2. Standard regression programs exist at most
computer facilitiss, and these programs will use past data of wsapom
types to compute coefficients of the parsmeters to dofine an approximate
function Fy for predicting C. However, the value of Fy for predicting

C when the new alternative characteristic paramsters ars outside the
ranges of values of the past data requires judgment., If all ths past
calibers have been in the range from 8lmm to 175mm, F; wmight not be s¢
useful for extrapolation in estimzting C for a 250mm weapem.

1f continuous second partial derivatives of F; could be assumad
or determined, psrhaps a better use of Fy would be to determine the
minimum C by the classical method of asetting tt;a first partial deriva-
tives with respect to the parameters equal to zero mnd solving the
resulting set of simultansous equations,

In like manner, the non-engagement system cost Y is some function
of the number of targets per engagement, the temperature and humidity,
slope of terrain, caliber of weepon, and the wobility mode cost, among
others. By regression analysis, some function F; could be determined

which should have a shape similar to Pigure 1,5, The minimum Y will
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IV THE COST MODBL
4,1 DISCUSSION

Costing i{s the other side of the wnaééhl-;ylE;h;cvnfuntion coin,
effectiveness being discussed previously. A myrild 6! references
present the r«tlonale, logic or reasoning behind costing and the various
techniques employed in costing a system, [1,1,4,6.27] Two amproaches
may be taken depending on whether the alternative being evaluated is
4 prototype weapon which has been independently developed or whether
the alternative is a new weapon to be designed and developed. Histori-
cally, artillery weapons have usually been the result of the former
process. However, for costly alturnative systems of the future some
derivation of cost estimating relationships (CER's) may be neceassary,
since prototype production may be too costly,

Most authorities divide the weapon aystem cost analysjs problem
into three parts: ressarch and development, initial investment, and
annual operations and meintenance costs, The cost alements might
look like Table 4,1, where a cost element is a source or unit of the
system or system support which requiree dollars for purchase or
operation,. ‘

Some typical problcmoiin evaluating cost elements should be
mentioned, Determining system requirements from testing of the complate
system, item I.c in Table 4.1, is often done by deriving expected
values from war game simulations, aspecially for ammunition requirements,
Wespon and shell characteristics are progrenmmed into the computer, amn
array of targets is advanced againet the gun positions, and the computer
calculates how many rounds were fired to achisve a cerstain level of

casualties, Since it is impossible to place an entire system in the
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Table 4,1 TYPICAL CLASSIPICATION OF WEAPON SYSTEN COST. ELEMENTS

L.

11,

III,

Research and Development

4, Preliminary research and design studiss N H“
b, Design end development of subsystems o
¢s Test of the complete system v
Initial Investment "

4, Prime misston equipment

b. Support cqp&phnt

c. Inltl,l Spares, spare parts and stocks, smmunition
d. Iatéial trainting

e, ﬁ'ﬁthl travel, transportation and miscellaneous
f. Military 1x;ltullntion| .
Annual Operations

2, Pay and allowances

b, Equipment and installations replacemsnts

¢+ Equipment and installations maintenance

d. Replacement training

e, Consumables, POL, training ammunition

f. Recurring travel, transportation, miscellaneous
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fisld and employ it against an sctual ensmy to test if, computer
simulations are probably the wost feasible and leapt costly method
of testing s system, It is well to keep in mind & few limitations
of the computer analysis, however,

The first limitation coucerns ths expected number of rounds
required to inflict the given casualty level Kgo If M is the number
of rounds required to inflict the casualties, M has some mean m and
somg variance "2. One value of M is obsarved on each computer run,
and the total sample of M's over some number of computer itexations is
used to estimate m, Howaver, it is just as important to kpow something
of the range of values M takes on and how often M falls withia that
range, The variance 0‘2 gives soms idea of that range of values,
and was used by Chebyshev te show that the probability that M will
exceed its mean m by more than some multiple of the standsrd deviation
@ 1is less than the inverse square of the wultiplier of % For example,

P - ofon @ € 102,
or the probability that the required number of rounds to neutralise s
target exceeds the mean valus m by more than h standard deviations is
equal or less than 1/h2, 1If & is two and the standard deviation is 9,
then the probability that the number of rounds required to neutralise
a target varies from the mean by wore than 18 is equal or less than
1/82 or cune-fourth,

The second limitation concerns simulation programming, It is
difficult to simulate topography, target detection and location problems
such as poor visibility and jungle canopy, and maneuvering forces.

All veapon types are assumed to psrform equally well for the given

computer simulation, when such is not the case, Most scenarios for
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computer simulations are spectfisc locales, peogrephical locations,
and consider 1ittls more than significant barriery to movemant and
major topological features, ’

Another diff{cult problem that may artse in determining total
system cost is the problem of Joint costing, If 4 costing unit such
a3 a helicopter squadron is common to twé or mors other systems such
&8 artillery and infantry, 1t may ba o diftleule chore dectding just
vhat fraction of the helicopter effort and resultast helicopter
fquadron cost should be attributed to the artillery., The usual rule
is to determine, as nearly as possibla, the usuage by the various
systems of the common unit, and assign the cost of the commen unit
accordingly, If the helicopter squadron mentioned above {a based
aboard an LPH, the problem i extended once moret what portion of
the total LPH cost goas to stpport the helicopter squadron which 1s
supporting tha art{llery?

Soma costs should not be considerad in comparing alternativas,
It certain facilities sre alraady available, or & required subsystem
{9 common to all proposed altematives, then these need not ba con-
sidered in the coat-effactivenass analysis, The first cane is an
example of 'sunk costs', monsy which has been irretriavably spent
on a subsystem or 4 support element, but the subsystem or ¢lamant
ntil} has some valus remaining., If somahow the old facility could be
used for soms other purpose besidas supporting artillery, then the
valus to the other purposa bdesides artillary would have to be eon=-
sidered as an oppartunity cost and would be included {n the artillery
system cost, The RDT4E costs and the tnttial inveatment sostes of the
Surrent system are examples bf sunk ¢osts and will be omitted when

comparing new alternatives to the current system., Only attrition and
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annual operation and maintenance costs nesd be conaidered vhen comparing
the present system agaimst some alternative. 1n the second instance

P [ .
above, that of s. nqdnd -ub-ylt. htu»nﬁn to all proposed }
alternatives, only tho planning budget comtrd.nt must be mag, 1e8s, ’
the cost of the common subsystem + tha cost of the prepossd alternative
must be equal to or less tham the planned budget, Comsidarsties of
the costs of each alternative need not lncl;nd- the. soas o; the comon
subsystem,

4,2 THR PROTOTYPE MODEL _ W .
Before evaluating a newly proposed artillery system against the
current system, it is necesssary to have a standardized gglttu_ procadure,
If there is any bias iv a custing technique, it 1is heped sll sltevnatives

will become equally biased by using the ‘same procldﬁro for all, ama
that the ordering of the alternatives will remain the ssme, The cosg
matrix in Figure 4,1 outlines a costing procedure for thg.carun:
system by omitting the XX items. The system costing will bresk down
into five broad categories of coating elemeants: the basic artillery
unit, usually a battery; the targsting and fire control luﬁlyltom;
facilities; surface ship-to-shore tranafer craft; and vertical assault/
support squadrons. For each costing element the following items
must be taken into account: RDT&E, investment costs, maintenance and
attrition, parsonnel of the unit, suppcrt personnel who are attached
.o the unit or support the unit from some rear ogholon. POL and other
consumables, and shipping requirements.

Syrrept Sygtem. For the current system all RDTSE and investment

costs are sunk costs and need not be considered, Personnel, maintenance

and attrition, and FOL and other ccniumables costs are kistoricslly
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TYPE COST UNIT 2 < bov T ANNUAL COBT - 0 .0y ok
' | ADYEE TNV| MAINTY ¢ P&!ll PERS|SPT PERS]POLIOUEPPING
Battery T R Vot K TENY YHER EIT
Artillery Plece X pxx X X X - | LST
Prime Movers XX |xx ¢ X X X} ST
Support Vehicles X }Ixx X X R O X[t
Amaio X JXxx - - X - po
Iazgei Decection & |xx X x| x -
mc x| x X X -
hore Pecllifies | xx “|xx x x| x J-] -
Transfer Veh x| X x| x x| wep
Assault Amph ‘xx XX X X X X LPD
Yantical Assqult ’ ‘
Heliaopters M IxXx X X X X LPH
SPT Equip XX fxx X X X X | LPH
Facilities XX XX X X X - -
Figure 4,1 CQST MATRIX FOR AN ALTERNATIVE SYSTEM
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documented and are readily available, As previously n9tgd§ msjor
problems may present themselves in spportioning the proper fucetgl_l
of costs of shipping, support equipment and personnel, facilities,

and surface/vertical aspault/support to the artillery battery, if any

-of these are common to all alternatives, tﬁcy may be omitted from the

costing effort,

Using vector and matrix notation, it i{s pr .ible to set up the
problem of determining total battery costs, By totalr for computer
computations. Let the numbers from Figure 4,1 be compiled into the
battery cost matrix A; where the subscript i refers to battery thc
for n types of batteries., Define a vector By which will be a vactor
of coefficients or multipliers corresponding to the costing un“o
listed in the left column of Figure 4.1 for a total of tvqug .col-wonoutl
in the vector, Then defina By* as a vector of costs, esch cost i
component of the vector corresponding to a& column of the Figure 4.1,
excluding the first or left hand column, In notation,

&* ' =B "M
and from this equation,

By total = &' Bu*
where 1 is the sum vectox, If there is & discount rate r baing appliad,
than

B{ total = B' B4*
whers D' is & vector of discount .fnctors and By is now .ae present value

of the discounted battery costs.
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For a simplified example consider the !ollwiﬁllﬁipotm‘tfdll
Type 1 gun battery, - R Co
A} = the cost matrix similar to Pigute 4.1

- 0 0 100 siiviasesansia 0 100.000

v e 150 siaieieseneese25 .
.o . . . . 50,000
\\ o 0 5.\ . . . 0

Each column of A] corresponds to one of the columns of Pigure 4.7,
Each element of each column roprounﬁ an average marginal cost per
unit of the cost units in the left hand colum. In this hypothetical
example, the RDTSE and investment costs are sunk and the elements of
A, corresponding to thess are all zerces, The annual cost of milnte-
n:.;cc and parts per artillery pisce is 100, cost of shipping per
aréi‘]::].ory plece is 100,000, etc. B;' is the vector of coefficlents of
the number of units to ba costed, and in this hypothetical example is
( 6, 6, 10, 200, 0.1, 0.3,,440s40s) Whers the fractions reprasent that
porqion of the support subsystem utilizad by battery type By. In this
instance 0,1 of the target detsction subsyutem effort is utilizad by
baitery type 1, The vector of costs attributable to RDTSE, Investment,
Maintenance and Parts, stc., fs

4" =8' A
and the total cost of battery type 1 is

By totay\™ 1' H3* 1if the discount rate 1s O X and

= D' B;* where D' 1s a vector of disccunt factors

if r 1s the discount rate.
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If there are n typss of batteries and w; of sach battery typa, thea
the total lifetime operating cost for the artillery system being

considered 1is

n
Y= Z"t % total
i=1
The time phasing of costs and the discounting procedures which ey
be employed are discussad in section 4,5,

The rigorous and arducus task of determining mstrices Aq for all
types of artillery batteries may seenm overly burdensome at first.
However, the task is required in order to accurately determine total
lifetime operating systems cost, time phasing of costs, cost of addiag
one additicnal battery of type 1, and for developing reliable Cost
Estimating Relationships (CER's) for proposed future altermatives,

The CER's will be predictors which will hopefully accurately relate
such items as maintenance and operating costs and attritiom costs in

4 psrticular scenario to the investment costs and the characteristics
of the alternative, Another uygful CER will be one relating the weight
and volume of an alternative to its shipping or helilift costs,

Other results of the rigorous develonment of the cost matrices
vill be a determination of those cost items which are relatively insensi-
tive as to battery type and those items which may be common within or
bstween battery types., For exawple, the costs of the targeting aand
fire control subsystem ara probably ralatively constant from battery
type to type, Within erll batteries nf a psrticular type, it would not

be unreasonable to expect all sersonnel riquirsments to be the same,
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p othaps the nusbers of required support personmel as well, Aaslyzing
the output of the costing matrices of two or more altérnatives will be
discussed in Chapter V,

Ihe Prototypy Alternative. The basic cost matrix in Figure 4.1
applies with the columns for RDT4E and Investment included whers
applicable. Again, RDTSE and investment costs of components of the
current system nr;‘lunk costs and are omitted from the costing of any
alternative which incorporates those cemponents, Tha same computer
programs used to avaluate the current system wili be usad for the
alternstive, The CER's developed from data on current systems will be
used to cytimate such items &» proposed altarnative operations and
maintenancy costs, persounsal costs, stc,, provided the characteristics
of the proposed alternative are comparable to those of gho system on
vhich zhe CER'ejwere basad, The validity o® tha CER's cennot be
assumed for all possitle altarnatives.

The costs for RDT4E in daveloping the prototype ars historical
erd will prove useful {n predicting initial investment costs For the
alternative, 1i,e,,

initisl investment cost = f ( RDTEE, weapon characteristics )
where the RDTEE costs may reflect the degree of tachnological sophisti~
cation of the alternative. If the RDT4Z costs are considered sunk
tosts for the company developing the prototyps, they will be recovered
by an increased investmant cost, If RDTSE is on=going, the costs will
be time phased over coma ¢xpected period of developmant and will be

discounted at an accepted discount rste.
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Initial procuremsnts will likely bs tima phased rather them a Lump
sum purchese, if for no other resson then that the wanufacturing rate
has soms limit., The training of persounsl to oparate P.ho L oquipment
vill be phased over soms tims, as well, and it wonld be mcm-tccl
to have large invmtories of the pav weapons o hamd for any grest
length o§ time prioxr to the completiom of training of tha persounnsl
to operate them,

4,3 NEW DESIGN COST MODEL

The new design will be limited by technology and the state-ofithe-
art of artillery systems. Relating chese designed weapor chzracteristics
will be the job of CER functions such as those discunsed {a section 3.3.
For example, ths variable cost Per casualty, C, and the non~engagsment
system cost, Y, can be estimated from their paramiters!

£m ,l (weight of the weaponm, weight of the projjtctilc. length

of .the tubs, muzszle velocity, rate of fire, ranse to the
target, number of enemy targets, number of woving parts
Per wespon, temperature, humidity, height of burat,
ansgle of fall, ete,) ‘

Y= 'Fz (sumber of targets, wobility mode cost, caliber of weapon,

projectile weight, temperature sand husidity, etc,)
After the characteristics have been selected, the CER's wiil ba usad
to estimate all the items of the cost matrix in Figure 4,1 thet apply
to the proposed alternative, Estimate; must elsc be made of the ‘:me
phasing of RDTGE and production schedules for the laitial invesiment

20 that sppropriste discoumt factors may be applied to the cost ftems,
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Past history has shown the feasibility of the prototype method
of developing a proposed alternative, although to determine if it is
the optimum method would require further research, It is likely that
pure cost estimating will be less costly than the prototype approach
for weapons requiring large outlays for RDTGE and initial investment
or for testing and evaluation, Just how large is 'lazge' would be
one result of the proposed paper.

4,4 MARGINAL COSTS

The requirement exists for knowing the marginal cost with respect
to the current base system of one more battery of each particular type.
When considering proposed alternatives, increasing the present system
by 1,2,.... batteries should be one of the proposals evaluated, The
average marginal cost will vary with the number of additional batteries
proposed, but should be considered in the light of potential future
growth tendencies of force units requiring artillery support. Also,
the average marginal costs of additicnal batteries will reflect the
costs that might be incurred in the event that a conflict results in
ballooning of forces, Two cases will be discussed, when excess capacity
exists capable of manning and supporting an additional battery, and when
only partial or no excess capacity exists,

If excess personnel, facilities, and other support are available
to handle th» additional increment of artillery being considered, then
only the {nitia! investment costs of the weapons and attendant special
support equipmant plus the operating and maintenance costs need be
considered in the marginal cost of the battery, Howaver, the excess
capacity implies inmefficient use of some of the affected resources,

&nd that the actual operating and maintenance costs of the additional
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battery will be less than the average of the other batteries of the
same type, In fact, in this instance the additional operating and
maintenance costs will consist only of the attrition conis and the
consumatles costs, Historically, this case seldom if ever exists,
Manpower is always a problem, and sxcess facilities occur only during
the logical planning for future expansion, and are not really 'excess’
at all,

Partial or no excess capacity is the more usual case whan con~
.ﬁdorins the marginal costs of one more battery. The same bass is
J;ually capable of handling one more unit at the expense of a few
more huildings and a few additional support personnel., The costs
of the new buildings and the few extra support psrsonnel would be
directly attributable to the sdded artillery bsttalion, but the cost
of the land on which the buildings were erected would not as long
as they were erected on the base property., If two, three or more
additional batteries were to bs considered as an alternative, then
their average marginal costs might well involve the full cost matrix
of Figure 4,1 less the RDT&E costs,

4,5 TIME PHASING OF COSTS, COSTING SCHEMES AND DISCOUNTING

A typical system that {s built and implemented from scratch might
have an expenditure sequence that looks like Figure 4.2, For systems
as stable and long~lived as artillery, as contrasted with short-lived
computer systems for cxlmplo,vzho careful phasing and programming of
the future costs are necessary to determine the true alternstive costs
when any discount rate gresster-than-0-%-ts-considered. [2] Just what
that discount rate r should be is the subject of considerable debate

and 1g another research topic, [25]
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Five-Year Svstem Cogt. The main advantsge of the simplicity of

this method {s over-shadowed by the dangers of omitting seenmingly minor
costs such as build-up costs, and the omission of time value and unequal
lifetime considerations, [2] RDTSE costs are added to initial invest-
ment costs and the eetimated costs of operations for five yeers, 1t 1ig
4sually assumed that operating costs do not vary over the five years,
The hope is that the relative costs of the alternatives are not unduly
influenced by the choice of the five year base and the lack of careful
time phasing of costs, This method assumes no time value of money.

Pregent Cost. Using the prssent cost scheme, cost streams are
discounted to their equivalent present values, and the time horizon
is chosen as the least common multiple of the estimated life times
of the alternatives, As mentioned previously, the concepts of dis-
counting and the selection of e proper discount rate are discussed in
many sources. [2, 25, 27] A primary requirement for the use of the
present cost technique is the careful preparation or estimation of the
yearly incidence of the costs related to the alternative, Several dis-
count rates may be stated and their results compared,

Annusl Cost. Costing by this technique is similar to the present
cost method discussed above, except that total system costs are trans-
formed to an equivalent uniform annual amount by dividing the total
cost by the number of operating years, Least common multiple lifetimes
are uged, and {f the discount rate is taken to be zero percent for a
system whose life {s five years, annual cost would be very similar

to the five year cost simply divided by five,
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The following hypotheticul sxamplie vomparxes alternative cost
streams for two fictional alternative defense s, :ems, and {s taken
from Appendix B of [2], Buildup costs are omitted for simplic.ty of
presentation, and would normally be shown in the present cost and
annual cost techniques, Alter;ntive A is represented by a cost pattern
requiring an initial investment now of $1000 and recurring annual costs
of $100. The lifetime of A is ten years, Alternative B {s an existing
system whose annual operating costs are sxpected to increase by a uni-
form amount to extend ite operational 1ife. In this comparison,
alternative B {s favored by all techniques except for present cost
estimated at five percent over twenty years and annual cost at five

percent for twenty years,
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Alternative A B

Non-Recurring (N)/Recurring (R) N ] R N 1 R

End-of Year

0 1000 0
1 100 120
2 100 140
3 100 169
4 100 180
. (Etc thru' year 10) (Increasing
. by $20 per
’ year)
E stimated Operational Life, years 10 Indefinite

Total Syatem Cost, Dollars

1, Five Year System Cost 1500 800
2, Present Cost 5Z, 10 years 1772 1560
5%, 20 years 2861 3646
102, 10 years 1614 1196
102, 20 years 2236 2130
3. Annual Cost 5%, 10 years 230 202
5%, 20 years 230 278
10%, 10 years 263 195
10Z, 20 years 263 250

Figure 4,3 ALTERNATIVE COST STREAMS SUMMARIZED
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V COST=-EFFECTIVENESS AND DECISION CRITERIA
5.1 DISCUSSION

In the prcblem as developed by this paper, effectivendss 13 held
constant for all competing alternatives and the costs vary according
to designs and weapon characteristics, An engagement has Leen defined
by nunbers and types of targets and the level of casualties has been
fixed pur »ngagement, Through computer simulations or through straight
calculations of projectile uffects, CEP effects and scenario effects,
expected numbers of rounds per engagement plus attrition costs will
transform into expected cost per casualty per engagement, The next
question {st: How does one take the estimated non~engagement system
cost and the expected cost per casualty values for each system alter-
astive and make a selection of a system to be used?
5.2 THE CRITERIA

From the chapter on effactiveness, consider a plot of the coordinates
of the objective function: Minindze (G, Y )j over the slternatives
§=1,2,,.s,0. Such & |tot of % alternatives might resembls Figure 5.1.
One plut will be prepared for each scenarin (L = 1,2,3,4) for a totsl
of four plots, The t rxis corresponds to the non-engagement system
cost, aud the C axit repres:nts the varisble cost/casualty/engagemsnt °
“in scenario 1. The sfficlency frontier curve, C;, is as defined in
Chanter 1.

Simply stated, tha decision rule inferred by the criteria above
is: Selsct that alter _tive §* which {s feasible and which dominates

all other siternatives j, In this particular scenarioc system D claarly
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dominstes all other systems. Dominance is defined here in the standard

manners

if YD1< in where j* = D gnd for all § ¥ D

and 1f Cpy < Cyt
then syetem j* = D dominat:es all other systems § ¥ D in scenario i,
Further, 1f system j* = D dominates all systens § ¥ D over all
scenarios 1 = 1,2,3.4 then system D ia aLsolutely dominant over the

alterriat{ves considered,

- .
_..
<< 4
N : Yy
COST/CASUALTY vs NON-ENGAGEMENT SYSTEM COST, SCENARIO {

Figure 5.1

'llov Eonaidor the casc where D has not been determined for one reason or

another. For alternatives 1, 5and 6 the following conditions holds
Yli‘ Y5£' 161 <Y210 Y31, Y44 and
€11 %540 61 < Ca1s C310 Cag
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20 that alternatives 1, 5, and 6 dominate alternatives 2, 3, and 4
in scenariv i, lHowever, the relations between alternatives 1, 5, and

6 are as follows:
Y11 Y61 L ¥s1 and

C11 >C61 >>Cs1

and there is no dominance between these alternatives, If conditions
were such that a nev alternative, (15), could te generated by taking
4 linear combination of alternatives 1 and 5, {.e,, & nev mix could be
generated consisting of
s(Alternative 1) + (lwa) (Alternative 5) where 0(.(1
then alternative 6 would be dominated by (;5) since
8 Y +(1-a) Y51< Ye: ‘and
8 Gy +(1-a)Coy <‘Cu or
Y531 Yoq and
Casy<ley o

1f this new linear combination of alternatives 1 and 5 dominated slter-
native 6 for all scenarios i, then alternative (15) would be absclutely
donimant and would be selected as the optimum altemltivu.

Consider the case whcr_e linear combinations are infeasible due
to large research and development outlays or other costing considerations
which must be made for each alternative and which would result in some
Y(15)1> Y¢q for any one or all i, Re-plot Figure 5.1 for all scenarios
and determine the set of alternatives for each scenaric which dominate
all other «lternatives in that scenario, but which do not dominate one

another, similar to alternatives 1, 5, and 6 in the above plot,
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Suppose the resuits ware t!= foli:wing:

Scenario Domi thAlternatives
1 1, 5, and ¢
2 1l and 5
3 5 and 6
4 6

Their plots might resemble the following Figure 5,2,

'y 4 4 4
4 Uy2 Cy3 i
- W1 il 'l
L P
]
I 3
4 “« |5 ¥ "'
N——
- — > > —»
Y51 Y32 Ty T

Figure 5,2 PLOT OF THREE DOMINATING ALTERNATIVES

From the Office of the Secretary of Defense or other sources the likeli-
hood of conflict in the various areas of the world would be obtained if
possible so that a probability distribution for conflict in acenario {
may be derived, Then

Py = probability of conflict ir scenario i

= 1, and define
1éi&P1 ’

1’ - (P10P20P39P4) and

Y.j -P' (L X )j where ( C, J)j is a four by two' matrix
conalsting of the two columm vectors £ and Y

corresponding to alternative
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_v.j = the weighted average cost/casualty/engagement and the
- weighted sverage non-engagement system cost for
alternative j, in this instance j = 1, 5, and 6
= ( C*, Y*)j ~
Plot these values of (C%, Y*)J and the results may look like the

following Figure 5,3,

CASE A CASE B

Figure 5,3 ALTERNATIVES IN WEIGHTED SCENARIOS

If case B occurs, then the scenario-weighted values of alternative 5
will csuse that system to dominate 1 and 5. However, Lf Case A

occurs, resort may be made to other decision considerations such as

the sffectiveness criteria for mobility, The Defense Department
sstimate of the expected numhers of engagemsnts par ysar may be combined
with the cost per casualty per engagement critn}'ia as another basis

for alternative selection,
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5,3 SECONDARY DECISION CRITERIA
Exestad lumbar of Jiisiements DAL YSar. In the event that mo
alternative is dominant as defined in section 5.2, ths expected numbers
of engagements per year may be utilized to select sn optimum alter-
native. From section 5,2, Py is the probability of conflict inm
scenario i, given that an engagement or conflict occurs, If it {is
indicated that E is the expected total number of engagements per year,
and that this expectation should hold for the next k years, k = 1,2,,..,
then
Ef = pyE = expected number of engagements per year in scanario i
Eq Cji K{ = expected total variable cost per year in scenario i
for alternative j, in this example j = 1 and 5
: l(1 C_,i E{ = total variable cost per year for alternative j = 1
= and 5
L] TVCJ
Depending on how far into the future the current expectation E may
be projected, k = 1,2,,.,4.4, and lat
'I'VCJk = k TVCy and define
ij - Y*j + rvcjk = wveightad totsl sxpected system cost for
k years as differentiated from the non-.
engagement system cost Y
If it happens that for some j = j* that
YEC X for all g 4 3% and a1k

then system j* is optimum by this method.
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Mobility, In the event that tilquk are readenably ¢loss inm valus,
mobility may be used as the. disctiminating facter in selattisg the
optimal system j*, Since the alternatives being coneidetred are Peasible, ’
they have met the mobility constraints given {n the effectivimess
chapter, Now consfider the following: 0
t -—P' ;rj = weighted dverage mobility timk, whers P' i3 as
defined in sectioh 5.2 and Iy 1e as deftnad in
Chapter II1I

The decision criteria becomes: select system j* guch that

tyalty for all {4 4%, 4 w1 and 5 {n this sxample,
] ]
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VI SUMMARY AND CONCLUSIONS
6.1 SUMMARY
The artillery system is built around a mix of varying types and
calibers of artillary wespon batteries., The mix is chosen so that
adequate and continuous firepower can be brought to baar on all targets
cccurring within and from the FEBA forward to soms specified minimum-
acceptable maximiv range. Supporting the artillery batteries, and
logically included in the artillery system for costing, are such items
as shipping, support equipment and vehi{cles, and support personnel,
For example, ship-to-shoxe tranafer vehicles and helicopter units make
up some portion of the artillery system, However, ouly that portion
of the support effort spent on artillery is attributzhle for costing
purposes, and is part of the joint cost problem sesociated with most
systems.
A method for evaluating and comparing alternatives is
MINIMIZEt System Cost
Subject tos Constant sffactiveness = tixed number of
casualties per '
engagement
Technological constraints
Budget constraints
where the cost of the slternstive is hers defined as a vector of two
components C snd Y which represent ths variable cost per engagement and
the non-engagement system cost, ( C, ¥ ). Effectiveness constraints
are defined as ths firepower required to achisve the specified mn_bn'

of casuslties in eech scensrio, Achieving the required number of
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casualties in a scenario results in combat attrition on the system and
a number of expected expended rounds from which a varfable cost per
engagement is derived,

The decision criteria are based on a study of the plot of veriable
cost per engagement versus t}:e non-u‘lgngounnc system cost  for each
scenario. Specifically, the decision tritaria ist

-- Select that alternative j* such that ( C, DJ* (( S Y )J

for all § # j*, that is, select §* such that its cost vector
absolutely dominates the cost vector of all feasible alternatives,

-- If no one alternative dominates, then implement secondary decision

criteria based on
- probabilities of conflict in each scensrio
-~ probabilities of numbere of angagements per yesy
- evaluation of mobility vectors
6,2 CONCLUSIONS .

The evolving complex artillery system of the future requires a
complete cost/effectiveness model for evaluating the entire artillery
system under the operating environmental conditions it will likely
operate in, The method of minimizing expected variable cost per
casualty and non-engagement system cost, wvhile meeting minimum mobility
and casualty criteria and staying within budget limits, will select
an optimum alternative artillery system, Defining the scenarios in
tearms of average rainfall, temperature, and terrain slope provides
standard environments for comparing alternatives,

Determining detailed costing matrices for tha current artillery
batteries snd support agencies is necessary for severial reasons. The

matrices will reveal items coi.on to ail artillery systems and which
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are not required for comparing alternative costs, Costing matrices
will be useful in developing marginal coats for additional artillery
units of ths present types, Finally, the matricas will have utility
in preparing accurate, velisble ocost estimating relationships between
ragearch and development costs, investment costs, and veapon character-
istics. These relationships will be necessary for developing future
alternative systems,

Should no slternstive prove absolutely dominant in variable cost
per casualty and nou-angagement systenm cost, the secondary decision
criteria presented which are based on mobility and/or future expicted

numbers of engagemants will select an optimum system.
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VII AREAS OF CONSIDERATION FOR FURTHER RESEARCH
In the process of developing this paper, sevaral subjects have
presented themselves for further comsideration, the first being the '
interaction of the artillery system with the naval gunfire support
system and the close air support system, What should the future
artillery system look like in light of tacticdl air which includes
armed helicopters and the new OV-10, intermedisate domain weapons
such as the proposed LFSW/LANCE weapons, LAW and MaW? Included N
should be a sensitivity snalysis on the total weighted variable cost
and average mobility times T by varying tha numbers of sngagements
per year and varying the probabilities of thé scenarios.

Detajiled costing matrices and the CER's discussed in Chapter IV

require development in conjunction with-the. evaluation of current
e
experimental artillery prototypes., A ccnt-cffccttvcn:i‘l\s:.nQy of .
—

prototypes versus estimated characteristics and costs should be \

developed., Does it always pay to build a prototype model?

Finally, the effects of the fire control system to include the
detection, location, and identification of targets should be studied
in relsation to the artillery system, How accurate Lg target detection
and location? How much does target location error vary and how does
it vary as a funcifon of range from the observer and rangs from the
gun position? How does it vary from scenarifo to scenarfo? To what
range are targets profitably detected, i,e,; at wvhat range does the
artillery system become saturated with targets? What effects do the .
built-in time c¢-lays of the fire control system have on the expected
number or rounds required to inflict the required numbers of casualties

per engagement?
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- APPENDIX 1 N L

EXPECTED ROUND REQUIREMENTS
This formulatiocn is & standard dcrivafion nnéli; é;ken from
source documents, [16, 18] The assumptions are as féllowaz: ‘

1. Taxgeti are circles with aim pointi at th; éenter.

2, The error in locating the center of the £at3et will be
distributed normally about the true center of the target
with standard deviation G L = target location error,

3. The round impact points are also diltribuéed normiily about
the aim point with a standard deviation ‘T) independent
of location error,

4, The probability that a given round impacts within a given
small region of the target is small,

5., Personnel comprising the target are randomly distributed
throughout the target area At and the individual round mean .
area of effectiveness MAE is small compared to A,.

Utilizing these assumptions, the actual impact points are distributed

normally about the target center with the standard deviation of each round

—
V:\/OE 2. 5 = 0,85 CEP

The rounds are considered nearly independent and the coverage is nearly

uniform, From this the expected fraction of casualties is
£=1-exp(-nMAE/A)
n = number of rounds expected to fall in the target area B
neNPr vhere

N = total number of rounds fired
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Pr = the probability that any round fired falls into the

target area and is a function of the target radius R

and <T"
=1 - exp(~ 1/2 (G /R)?)

t

Substitute Pr and n into f, take the natural logarithms and -

Ne-a In (1 - fd) uhfre

Pr MAE

fq = fraction of casualties desired



